SUMMARY Laminin is a high molecular weight basement membrane structural glycoprotein. In rheumatoid arthritis and other arthropathies immunoreactive laminin was prominent in synovial blood vessel basement membranes and acted as a marker for them. It codistributed with collagen type IV. Immunohistological reactivity to laminin showed extensive vascular proliferation in rheumatoid arthritis together with basement membrane reduplication, which was confirmed ultrastructurally. Parallel histological studies showed vascular proliferation was predominantly in the subintimal rheumatoid synovium, where it was related to connective tissue proliferation but not to the inflammatory cell infiltrate. Vascular proliferation was also seen in relation to connective tissue changes in biopsies from cases of haemophilic arthritis, osteoarthritis, and meniscal tears. We suggest connective tissue activation is a non-specific reaction associated with vascular proliferation. This involves laminin and other structural proteins. It occurs in rheumatoid arthritis and other arthropathies but is distinct from inflammatory cell infiltration.
The inflamed synovium of rheumatoid arthritis (RA) shows considerable vascular changes. Their extent led Rothschild and Masi to propose a vascular hypothesis which explains some of the pathological features of the disease.' The vascular changes have also been described in histopathological accounts of the disease.2 3 In recent years some of the specific structural connective tissue proteins of vascular walls have been identified. Laminin is one of the most important of these. It is a high molecular weight structural glycoprotein of basement membranes.>8 Using the distribution of laminin as a marker for vascular basement membranes we have examined a series of synovial biopsies from patients with RA and other arthropathies. Our objectives were firstly, to compare the distribution of laminin and other structural proteins of the synovial connective tissue; secondly, to assess the prevalence of vascular changes in RA and other arthropathies; and, thirdly, using the changes in laminin distribution in particular, to examine changes in basement membranes in RA.
Accepted for publication 19 March 1984. Correspondence to Dr D. L. Scott Preliminary studies. Comparisons of the immunohistological distribution of the different antigens in cryostat sections of normal rat tissues (liver, kidney, and salivary glands) showed that they each had distinctive distributions with the exception of laminin and collagen type IV, which were indistinguishable. All basement membranes contained laminin and collagen type IV and also weakly reactive fibronectin. Reticulin fibres contained NCRC, collagen type III and fibronectin, and mature collagenous tissues contained some collagen type III and predominantly collagen type I. Absorption studies of the kind previously described16 showed that each of the antigens were specific and that their distributions could not be explained by immunological cross-reactivity.
Results

DISTRIBUTION OF LAMININ IN THE SYNOVIUM
Laminin was seen in all synovial biopsies with a distribution confined to the vascular basement membranes. Its distribution was most marked in RA, where it was related to extensive vascular proliferation ( Fig. 1) . Examining individual blood vessels showed that the appearance of laminin was compatible with widespread thickening and reduplication of the basement membrane, which often gave the appearance of containing a number of splits within it. Two examples of this from representative rheumatoid synovia are shown in Fig. 2 . Although laminin reactivity was more marked in the RA biopsies than in the other diagnostic groups, it was impossible to divide them completely, and there was considerable overlap. Prominent laminin reactivity was seen in some cases of haemophilic synovitis, *0.
... osteoarthritis, and even occasional patients with non-inflamed synovia who had torn menisci. Comparing the immunohistological distribution of laminin with the findings on examination of the synovial biopsies by conventional histological techniques showed laminin reactivity was most marked in subintimal areas of early connective tissue proliferation, and was less prominent in areas of mature fibrous tissue.
RELATIONSHIP OF LAMININ TO OTHER CONNECTIVE TISSUE PROTEINS
The distribution of laminin in the basement membranes of blood vessels was identical to that of collagen type IV. Fibronectin, NCRC, and collagen type III were all present in the vascular walls but also showed marked reactivity with the surrounding connective tissue matrix. An example of the differences is shown in Fig. 3 
ULTRASTRUCTURAL CHANGES IN THE BASEMENT MEMBRANES
The changes seen in small and large blood vessels at the light microscopical level were supplemented and extended by the ultrastructural changes seen by electron microscopy. Both small blood vessels and synovial capillaries were relatively normal in osteoarthritis but in RA they showed a number of pathological changes. They were occluded by plugging with platelets and fibrin; the endothelial cells were abnormal and showed degenerative changes; and their surrounding basement membrane was thickened and showed considerable reduplication. These findings were most obvious in the capillaries of the RA synovium but were also seen in vessels of larger calibre. The ultrastructural changes were compatible with the abnormalities seen in the immunohistological distribution of laminin in the RA synovium, which suggested that reduplication and thickening of the basement membranes are characteristic of the phase of synovial proliferation in RA.
RETICULIN STAINING AND VASCULAR PROLIFERATION
The increase in laminin reactivity in RA was also reflected by the appearances of the synovial biopsies when stained by Gordon and Sweets's reticulin stain. The RA synovium contained many interstitial reticulin fibres which codistributed with the reticular reactivity of fibronectin, NCRC, and collagen type III (Fig. 3) . But there was also considerable argyrophilic material in the blood vessel walls. This allowed them to be readily visualised. It showed that the vascular proliferation was most marked in the subintimal synovium, which was also the area of most pronounced laminin reactivity. Deeper areas of more mature fibrous tissue showed far less vascularity. Vascular proliferation was consistently prominent in RA, but was also seen in the other arthropathies and was also prominent in haemophilic biopsies. There was a gradual merging of RA with the other conditions in terms of the degree of vascularity with RA lying at one end of the spectrum and normal and osteoarthritic biopsies at the other. Comparing the degree of vascular proliferation with the extent of inflammatory cell infiltration showed that there was no precise relationship between them. Some vessels in RA and haemophilic synovitis showed marked perivascular cuffing with lymphocytes, but most did not. Overall there was a more marked relationship between vascularity and the amount of proliferation of the synovial connective tissue; the most vascular biopsies all showed extensive villous proliferation and synovial hyperplasia, while the least vascular ones were relatively fibrous with a thin synovial lining cell layer. The hyperplastic subintimal vascular synovium was often the site of inflammatory cell infiltration, but this was not invariable.
Discussion
The presence and distribution of laminin in the RA synovium has not been previously described. 
